Abstract-Dissolved gas analysis (DGA) is often use by theutility companies to monitor the health and to detect any faults of their transformers. The concentration and proportion of various gases dissolved in the oil are used to indicate whether there is an electrical or thermal fault within the transformer. A lot of data have been published in the literature on DGA levels for a mineral oil. However, the data for vegetable oils are relatively sparse even though the vegetables oils have been used for more than 10 years in distribution transformers. In this paper, the concentration of dissolved gasses under electrical performance in rice bran oil (RBO) and palm oil(PO) were investigated. These two oils were selected since they show promising potential as alternative insulating dielectric liquid for transformer and easily obtained in Malaysia. Three different gaps (2.5mm, 5mm and 10mm) with sphere to sphere configuration were used in this study. The samples were filtered for three times and dried at 85°C for 48 hours before testing. The AC breakdown experiments were performed in the high voltage laboratory for 100 times. The dissolved gasses from the electrical breakdown voltages were obtained in 2 liter sealed test cell. The gasses concentrations were measured using Gas Chromatography equipment. There were six concentrations of gases contained in the samples which are Hydrogen (H2), Methane (CH4), Ethane (C2H6), Ethylene (C2H4), Acetylene (C2H2) and Carbon monoxide (CO). These gasses were interpreted using IEC ratio, Roger ratio, Dornenburg ratio method and Duval Triangle method in order to investigate whether the existing techniques are suitable for RBO and PO. From the experiments, C2H2 and H2 were the highest amount of gases detected for all samples. The Duval triangle method is the best method in detecting the fault for these oils under electrical breakdown. However, the ratio methods have some limitation in predicting the faults.
INTRODUCTION
Insulating transformer oil are important role due to serving several purposes like dielectric, an insulator, helps to extinguish arcs as well as heat transfer agent between the conductors and cooling medium inside the transformer [1] .
The common insulating transformer that has been widely used is mineral oil (MO). Although MO insulating oil has a good insulation performance, low in cost, low flash and ignition Fundamental Research Grant Scheme (FRGS/2/2014/TK03/UPNM/02/01) point, it is not biodegradable. It cannot satisfy the requirement of high temperature performance and environmental protection [2] . However, significant attention has been paid to alternative insulating fluids such as synthetic and vegetable oils.The vegetable oils are considered to be the best substitute of MO in future. In order to safely apply vegetable oils in transformers, it is important to have sufficient information of its performances to be comparatively with MO.
During continuous lifetime of operation, transformers are subjected to electrical and thermal stresses, which degrade the insulating oil and leads to failure of transformer. Hence, to manage the transformers, to reduce failures and to extend the lifetime of transformer, some measurements are being monitored. Dissolved gas-in-oil analysis (DGA) is a common practice in transformer fault diagnosis. Any deterioration in the oil can lead to the premature failure of the transformer. DGA technique will generate different gases, and the analysis of these gases will provide useful information about the condition of the oil and the identification of the type of fault in the transformer [3] .
The degradation of such insulation failure due to local electrical breakdown produces different kinds of gases as byproduct, which entirely or partially dissolves within the transformer oil. Gases that are generally dissolved in the transformer oil are Hydrogen (H2), Ethane (C2H6), Ethylene (C2H4), Acetylene (C2H2), Methane (CH4), Carbon monoxide (CO), Carbon dioxide (CO2), Oxygen (O2) and Nitrogen (N2). However, Oxygen and Nitrogen gas is considered as 'no-fault' gas, which are produced due to leakage and changes in pressure and temperature in the transformer. In this method, the presence of certain key gases is monitored and various analysis methods such as Rogers's ratio, IEC ratio, Doernenburg, and Duval triangle are used to investigate the condition of the oil [4] - [6] . This paper represents the electrical stress towards conventionally insulating transformer oil, MO and two types of vegetable oil; PO and RBO. The investigation of electrical properties of MO and oil is necessary in order to determine the efficiency of insulating oil for transformer application. It is important to conduct an experimental analysis of AC breakdown voltage in order to prove the generation of gas for MO, PO and RBO towards suggested faults.
II. EXPERIMENTAL SETUP

A. Sample Preparation
This experiment compares electrical stress and generating gases of three kind of samples for two type of vegetable oils:PO and RBO and the other one is conventionally MO. Samples were obtained from readily available from manufacturer. All samples were processed with filtered through a membrane filter with a pore size of 0.2 m for at least 3 times. Next, the filtered samples were dried in oven for 2 days at temperature of 85 ºC. The samples were rested for further 24 hours at ambient temperature before tested.
B. AC Breakdown Voltage Test
AC breakdown test of the samples was done using BHT 350kV AC generator in high voltage laboratory. A 2-liter of sealed cylinder, which is equipped with mushroom-tomushroom shaped electrode configuration, was used to represent the uniform field. The breakdown voltage of vegetable oils was investigated in three gap distances, which were 2.5mm, 5mm and 10mm. The tests were conducted at room temperature of 23°C -26°C. The AC generator supplied the AC voltage across the test cell, filled with oil samples at 50Hz frequency with an ascending rate of 2kV/s. A total of 100 breakdown voltage readings were recorded for each type of samples.
C. DGA Process
The DGA process was followed ASTM D 3612. The gases were sampling using special glass syringe. Samplings of oils were taken after 100 breakdowns oil samples. The gas analysis was done using gas chromatography equipment.
D. DGA Intrepretation
The concentration of gas generation for MO, PO and RBO provides information about the type of incipient fault condition. These concentrations were interpreted under three types of ratio methods and Duval triangle method. Three ratios methods are IEC ratio, Roger ratio and Dornenburg ratio.There are five concentration gas ratios to indicate the possibility type of faults. The five ratios are followed equation (1) - (5) below:
( 1 )
1)
IEC Ratio IEC gas ratio comparison of three concentration gas ratios is shown in Table I . (R1.R2 and R5). Table IV show the limitation value of gases suggested by IEC ratio and characteristic faults. These concentration gas ratios will be compared gas ratios of MO, PO and RBO. 2) Rogers Ratio Rogers's ratio used similar concentration gas ratio as per IEC ratio. However, Roger ratio suggested different limitation value of ratio and different diagnostic cases of faults in transformer oil as shown in Table II . 3) Dornenburg Ratio Dornenburg ratios has slightly different and seen more simple compared to IEC and Rogers ratio. Four types of concentration gas ratio which are R1.R2.R3 and R4 were utilized to diagnose the faults. 4 
4)
Duval Triangle Duval Triangle method is a useful interpretation of DGA under monitoring faults in transformer oil. The types of faults are represented using percentage of relative gas concentration in triangle.
Three percentage of %CH4, % C2H4 and % C2H2 used are represent in the following equations from (6)- (8) . These percentages will determine faults using Duval Triangle.
%CH4 = CH4/(CH4+C2H4+C2H2)
III. RESULT AND ANALYSIS DATA
A. AC Breakdown Voltage Test
The results of AC breakdown voltage tests are scattered in Fig. 1 (a), (b) and (c) for three different gap distances. The trend of 100 breakdown voltage ranges is quite similar for all gap distance. The MO scattered shows a more uniform distribution compared to the PO and RBO.
Based on Fig. 1 (a), (b) and (c) the average breakdown voltage are carry out as shown in Fig. 2 . The pattern for MO, PO and RBO are almost same. However, different gap distance were shows the different performance of breakdown voltage. The average voltage of vegetable oils PO and RBO is slightly different compared to MO. It can be observed that the highest AC breakdown voltage for 2.5mm and 5mm gap distance is gained by vegetable oils RBO and PO. Breakdown voltage for MO is lowest for 2.5mm and 5mm gap distances. Meanwhile for 10mm gap distance, MO is the highest average breakdown voltages compared to PO and RBO. It followed with PO and RBO. This may due to the stability of viscosity each sample which may affect the efficiency of the oil samples. As known that vegetable oils has assorted fat. However, based on the results, the breakdown voltages for all types of vegetable oils can be considered as acceptable values according to the IEC 60156 standards [3] . Fig.1(a) .Distribution of AC breakdown under 2.5mm, 5mm and 10mm gap distance for MO   Fig 1(b) . Distribution of AC breakdown under 2.5mm, 5mm and 10mm gap distance for PO Fig. 1(c) . Distribution of AC breakdown under 2.5mm, 5mm and 10mm gap distance for RBO. Fig. 3, 4 and 5 show the relative percentages of fault gases, except CO and CO2, under electrical breakdown. In all cases, a significant amount of hydrogen (H2) and acetylene (C2H2) were generated in the oil samples. This result agreed with pervious finding in natural ester for the case of electrical breakdown which is arcing faults [5, 7] It is also indicates that the main gases produced due to electrical faults for MO, RBO and PO are similar. The only different is the amount of gases generated.
B. DGA for Electrical Stress Simulation
Based on the Fig. 3 , the percentage of C2H2 gas generation for MO at gap distance 2.5mm is higher than PO and RBO. However, C2H2 decreases when the gap distances increases. Fig. 3 . Relative percentage of amount gas forMO. Fig. 4 shows in contrast to relative percentage of fault gases for PO where the percentage of H2 is higher at 2.5mm gap distance than to 5mm and 10mm gap distances. The Percentage of H2 decreases when gap distance changes from 2.5mm to bigger gaps. However, the percentage of C2H2 is opposite to relative percentage of H2. The amount of C2H2 is increased with the change of distance gaps. There is a percentage of CO that may be occurred because of the carbonized discharged resulting from breakdown voltage. As per graph in Fig. 5 , the RBO produces the lowest amount of gas compared to MO and PO. The presence of a relatively high CO is believed due to the contaminant in the sample as per manufactured required. The percentage of H2 for RBO is seen increasing as the gap distance increases. A significant change of amount C2H2 generated as the gap increased for RBO. The amount of C2H2 for RBO are 35%, 55% and 54% for 2.5mm, 5 mm and 10mm respectively. 
C. DGA Interpretation
In this section, IEC 60599, Rogers, Donenburg and traditional Duval triangle methods are applied to the DGA results of electrical stress test to interpret the fault type in transformer. The value concentration of ratios gas for MO for electrical stress simulation is shown in Table IV . As seen in the table, the gas of MO was obviously different for most ratios for all gaps except for R4 value. This is due to the value of ethane (C2H6) is relatively small for this kind of fault. Table V shows the concentration gas ratio for PO. R1, R2 and R3 have different ratio but the values are not far to each other's. R5 shows a significant difference at 10mm gap distance where the concentration gas ratio is too low compared to the concentration gas ratio values of 2.5 and 5mm gap distance. The RBO concentration gas ratio of 5mm and 10mm gap distance are slightly different but still in the range shown in Table VI . In contrast to the concentration gas ratio at 2.5mm gap distance where the value is significant different compared to others gap distance. 
1)
IEC Ratio Concentration gas ratio of MOhas shown that ratios R1 , R2 and R5 at 2.5mm, 5mm and 10mm gap distances diagnose similar interpretation which is fall in the case of D1 (Discharge of low energy). The IEC ratio gas method can predict correctly for AC breakdown for MO for all gap distances. Meanwhile only 2.5mm gap distance give the accurate prediction for PO. Overall, for PO and RBO, the DGA results fall outside the ratio codes and no interpretation can be given. The IEC ratio diagnosis can be seen in Table  VII . 
2)
Roger's Ratio Based on Rogers's ratio limitation, the concentration gas ratio of MO, PO and RBO produced the ratio that outside the codes. Therefore no diagnosis can be given or in the other words it called unresolved diagnoses.for all ratios are not fit to the limitation value. Therefore, Roger's Ratio Method
3)
Dornenburg Ratio From Table VIII, all gap distances for MO show similar interpretation for Donenburg method which is the arching faults. In contrast, gas ratios of PO and RBO shows that only at 2.5mm gap distance has fit the Dornenburg ratio codes and correctly diagnose the fault of electrical stress. 
4) Duval Traingle
The Duval triangle method use the relative proportions of 3 gases (CH4, C2H4 and C2H2) to diagnose the faults .The relative proportions of gases for oil samples are shown in Table IX , X and X1 respectively. The range percentage of CH4, C2H4 and C2H2 are almost same for all gaps. These relative percentages will determine the simulated electrical stress using Duval Triangle as shown in Fig.6, 7 and 8 respectively. Based on Table IX and Fig.6 , all threepoints represent three gap distances for MO fall in D1 area of the triangle. These which represent fault of Discharge of low energy conditions which are related to electrical stress. Table X and Fig.7 show the calculated Percentage of relative concentration gas of PO. From the Fig.7 , all the points are closely each other and fall in the D1 section of the Duval Triangle. This interpreted as D1 as per faults suggested occurred due to AC breakdown voltage which is similar to MO previously. Table IX show the percentage of CH4, C2H4 and C2H2 for RBO. The percentages are slightly higher compared than MO and PO. However all the points also fall within D1 area of the Duval triangle as shown in Fig. 8 which indicates same faults as MO and PO. 
IV. CONCLUSIONS
The comparison of AC breakdown voltage for PO, RBO and MO was discussed in this paper. PO and RBO showed the good performance as per MO in term of AC breakdown voltage for all gap distances. . The pattern of AC breakdown for 2.5mm, 5mm and 10mm gap distance shows the similar pattern. The value of PO and RBO and MO also have no much significant different. The highest gases generated due to Electrical stress for MO, PO and RBO were Hydrogen (H2) and Acetylene (C2H2). Based on theory, the highest concentration gas of H2 and C2H2 was detected in the transformer was due to arcing fault condition. However, the prediction of Dornenburg, Rogers , IEC codes for arcing faults simulation based on current DGA techniques for mineral oil are not applicable to vegetable oils sample. Based on this study, one drawback of the gas ratio methods is that some DGA results may fall outside the ratio codes and no diagnosis can be given. This is does not occur with the Duval triangle method. All samplescorrectly interpreted for all gap distances that the oils having Discharge low energy.
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